Identifying factors that contribute to students' behavior and weight improvements during school-based obesity prevention interventions is critical for the development of effective programs. The current study aims to determine whether the support and resources that adolescent girls received from their families were associated with improvements in physical activity (PA), television use, dietary intake, body mass index (BMI) and body composition during participation in New Moves, a school-based intervention to prevent obesity and other weight-related problems. Adolescent girls in the intervention condition of New Moves (n 5 135), and one parent of each girl, were included in the current analysis. At baseline, parents completed surveys assessing the family environment. At baseline and follow-up, 9-12 months later, girls' behaviors were self-reported, height and weight were measured by study staff and body fat was assessed using dual-energy X-ray absorptiometry. Results showed few associations between family environment factors and girls' likelihood of improving behavior, BMI or body composition. These findings suggest that in general, school-based interventions offer similar opportunities for adolescent girls to improve their PA, dietary intake, and weight, regardless of family support.
Introduction
Schools provide a unique opportunity for addressing behaviors that increase children's and adolescents' risk for obesity. Almost all youth spend a significant number of hours at school each day. Schools also have the facilities for classroom-and physical activity (PA)-based lessons, provide opportunities for policy or environmental changes, such as modifying cafeteria or vending machine food options, and employ personnel trained in education who are able to implement obesity prevention curricula. School-based interventions may also be particularly useful for accessing adolescents from lower socioeconomic status backgrounds or racial/ethnic groups, who are at particularly high risk for obesity [1] . Despite these numerous benefits of partnering with schools to provide obesity prevention programming, school-based interventions for adolescents have been less successful than anticipated at improving participants' weight status or participation in weight-related behaviors, such as PA and healthy dietary intake [2, 3, 4, 5, 6] .
Recent research has identified several factors in the family environment that play a role in youth's weight-related behaviors and weight status. These family characteristics include parental modeling of and support for PA, the frequency of family meals and resources available in the home including healthy foods [7, 8, 9, 10] . In light of the importance of the family environment in establishing and sustaining adolescents' weight-related behaviors, an important question is whether interventions implemented in schools have the ability to improve the weight and weight-related behaviors of all adolescents, even those who do not receive support or resources for healthful behavior from their families.
To our knowledge, only one study has examined whether adolescents' family characteristics affect the likelihood that they can improve their weightrelated behavior via participation in a school-based obesity prevention program. Martens et al. [11] examined associations between family environment factors including parenting style, parental food purchasing habits, family food rules, and home food availability and improvement in fruit and low-fat snack consumption among Dutch adolescents during their participation in a school-based dietary intervention [12] . No associations were observed between any of the family environment factors and students' change in fruit and snack consumption. The authors concluded that the lack of relationships between the family environment and adolescents' behavior change suggests that all adolescents who participate in school-based interventions have the potential to improve their behavior, regardless of whether their family environment supports healthful behavior.
To contribute to this body of research, the current study examines whether factors in adolescent girls' family environments were associated with changes in girls' weight and weight-related behaviors during participation in New Moves, a school-based intervention study designed to prevent weight-related problems via a girls-only physical education class and supplementary school-based activities. New Moves was effective in improving specific weight-related behaviors including decreasing the time girls spent engaging in sedentary behavior and decreasing girls' use of unhealthy weight control behaviors [13] . Findings from the current study can be used to inform future school-based interventions aimed at preventing obesity and other weightrelated problems. If evidence suggests that youth whose families are not able to provide support for healthful behavior do not benefit from school-based obesity prevention programs, then novel strategies are needed to reach these youth. These strategies may include revamping the methods currently used by school-based interventions, identifying alternative settings through which to access youth and implementing more broad-reaching policy and programmatic efforts that modify the food and PA environments of communities. In contrast, if school-based programs have similar impacts on youth from both more and less supportive families or have greater impact on those from less supportive families, there is strong justification for continuing to reach out to high-risk adolescents via school-based programs.
Methods

Study design
Subjects were high school girls (mean age = 15.7, SD =1.1) who participated in the active intervention arm of New Moves, a school-based intervention aimed at preventing weight-related problems [13] . One parent of each girl was also invited to participate in the study. A total of 12 schools participated in the New Moves trial, with six schools randomly selected to offer the active intervention and six randomly selected to serve as comparison schools. Girls in the intervention and comparison schools were invited to register for an all-girls physical education class as an alternative to the regular coeducational class. Recruitment materials were designed to appeal to overweight, obese and/or inactive girls interested in healthy weight management. A description of the class was included in the schools' course catalogs and teachers and guidance counselors were encouraged to identify girls who would particularly benefit from the class. Additionally, posters and flyers about the class were displayed at schools. To assess predictors of change during participation in the intervention, 180 girls from the six schools that offered the active intervention were included in the current study. The majority (75%) of the 180 girls from the six intervention schools had a parent or guardian complete a survey about their family environment, resulting in an analytic sample of 135 parent/girl dyads. Girls and their parents completed a baseline assessment K. W. Bauer et al.
before participation in the New Moves study. Girls participated in a follow-up assessment that occurred at the end of the school year in which they participated in New Moves, between 9 and 12 months after they completed baseline data collection. Most girls completed study measures at the University of Minnesota's General Clinical Research Center and a small number completed the study measures at their school if they were unable to leave during the school day. An invitation for parents to participate in the study coupled with a parent survey was mailed to the girls' homes after parents provided consent for their daughter's participation in New Moves. The study was approved by the University of Minnesota's Institutional Review Board and by each participating school district. Girls and parents provided consent/assent for their participation in the study.
Study sample
The study sample was racially/ethnically diverse with 33% of girls reporting that they were white, 27% African-American/black, 11% Hispanic, 17% Asian and 12% of mixed race or another racial/ethnic group. There was also a diverse range of parents' educational attainment with 26% of parents having not completed high school, 22% having only a high school diploma, 31% having attended some college and 21% having completed college and/or have post-graduate training. About half (53%) of girls were normal weight [age-and gender-adjusted body mass index (BMI) <85th percentile], while 16% were overweight (85th > BMI percentile <95th) and 32% were obese (BMI percentile > 95th).
Description of New Moves intervention
The intervention was delivered primarily through a girls-only physical education class during which girls participated in PA lessons that focused on lifelong activity within a non-competitive environment, nutrition education sessions that stressed a non-dieting healthy eating approach to healthy weight management and social support sessions that focused on enhancing self-esteem and body image. Additional components of New Moves that were designed to complement the skills gained during the classroom components included individual counseling sessions and maintenance sessions where behavioral messages were reinforced after the completion of the physical education class. There were minimal parental outreach activities including postcards sent to the girls' homes with the intervention's behavioral messages and a single 2-hour parent/daughter event, which 21% of girls had a parent participate in. Girls reported very high satisfaction with the intervention, and the majority of girls participated in most or all intervention activities. In the comparison schools, girls participated in an all-girls physical education class without the supplementary activities [13] .
Description of measures Family environment measures
Survey items completed by parents to assess parental modeling of and support for girls' PA, television use, soft drink intake and fruit and vegetable intake, as well as home resources associated with these behaviors, are described in Table I . Selection of constructs to assess in the weight-related family environment was guided by Social Cognitive Theory [24, 25] , as well as previous research that identified components of the family environment associated with youths' weight and weight-related behaviors. A thorough review of the literature was conducted to identify suitable tools that had been tested for psychometric properties. In cases in which suitable items were not located, they were developed for this study. When psychometric information was available from previous studies, it is included in Table I . Additionally, survey items were pilot tested during the current study for applicability and comprehension by 10 parents of adolescents resulting in slight modifications of some survey items to improve item comprehension.
In addition to the individual survey items/scales, a 'Healthy Family Environment' index score was created to summarize the supportive qualities of girls' family environments. The index was comprised of 15 family environment characteristics [parents' total PA and soft drinks available in the home were excluded because of their overlap with Family environment and school-based interventions Parental total PA and moderate-to-vigorous physical activity (MVPA), 2-week test-retest, r = 0.48-0.94
In the past week (7 days), how many HOURS did you spend doing the following activities? a. Strenuous exercise (heart beats rapidly) examples: biking fast, aerobic dancing, running, jogging, swimming laps, rollerblading, skating, tennis, cross-country skiing, soccer, basketball b. Moderate exercise (not exhausting) examples: walking quickly, dancing, baseball/softball, gymnastics, easy bicycling, volleyball, strength training c. Mild exercise (little effort) examples: walking slowly, bowling, yoga, stretching muscles, household chores Nine response options ranged from 'none' to '7 or more hours' [15] Total PA: mean = 6.2 hours/week SD = 4.9 MVPA: mean = 3.2 hours/week, SD = 3.2
Family support for PA, Cronbach's a = 0.78, 1-week test-retest, r = 0.81 During a typical week, how often have you or another member of your household: a. encouraged your daughter to do physical activities or play sports? b. done a PA or played sports with your daughter? c. provided transportation to a place where your daughter can do physical activities or play sports? d. watched your daughter participate in physical activities or sports? e. told your daughter that she was doing well in physical activities or sports Five response options ranged from 'Never' (coded as 1) to 'Every day' (coded as 5) [16] Mean = 12.9, SD = 4.9 K. W. Bauer et al. 678 Family environment and school-based interventions The question assessing the presence of a television in the adolescents' bedrooms was asked of the adolescent girls.
K. W. Bauer et al. 680
the moderate-to-vigorous physical activity (MVPA) and unhealthy home food availability measures] and families were given a point for each supportive family environment characteristic that they reported. Examples include parents participating in at least 2.5 hours of MVPA per week, girls not having a television in their bedroom and parents reporting that they 'usually' or 'always' had fruits and vegetables available in the home and served at meals. Possible scores ranged from 0 to 15. The mean score was 6.4 (SD = 2.3), with a minimum score of 0 and maximum score of 13.
PA and television use
Girls' total daily PA, MVPA and television (TV) use were assessed using the 3-Day Physical Activity Recall (3DPAR). The 3DPAR has been shown to be a valid measure of MVPA as compared to accelerometry [26] and among adolescent girls had a 2-day test-retest reliability of r = 0.71 and r = 0.77 for MVPA and vigorous activity, respectively [27] . Total PA was defined as a per day average of number of blocks for which any PA was reported. MVPA was defined as the per day average of number of blocks for which physical activities with a metabolic equivalent value greater than or equal to 3 were recorded [26, 28] . TV use was determined by the average daily number of blocks during which subjects reported participating in 'Watching TV or movies' [29] .
Soft drink intake
Girls' intake of soft drinks was assessed with the following item: 'Over the past month, how often did you drink regular soda pop (not diet)?' Response options included the following: 'Never', 'Less than once a week', '1-2 times per week', '3-4 times per week', '5-6 times per week', '1 time per day', '2 times per day', '3 times per day', '4 times per day' and '5 or more times per day'. These response options were adapted from existing beverage intake items in the literature [30] .
Fruit and vegetable intake
Girls' fruit and vegetable intake was assessed using the question, 'Thinking back over the past week, how many servings of fruit did you usually eat on a typical day? A serving would be a medium piece of fruit. Do not include juice.' and 'Thinking back over the past week, how many servings of vegetables did you usually eat on a typical day? A serving would ½ cup of cooked vegetables or 1 cup of raw vegetables. Do not include potatoes or French fries.' Response options for both questions included: 'None', 'Less than 1 serving', '1 serving', '2 servings', '3 servings', '4 servings' and '5 or more servings' [19, 31] .
Body mass index
Trained study staff measured girl's body weight using a Tanita Body Composition Analyzer TBF-300A (Tanita Corporation of America, Arlington Heights, IL, USA) and height using a portable stadiometer. BMI was calculated using the formula: weight in kilograms divided by height in meters squared.
Percent body fat
Girls' total percent body fat was assessed using a Lunar Prodigy dual-energy X-ray absorptiometry (DXA) apparatus (Lunar Radiation Corp., Madison, WI) at the University of Minnesota's General Clinical Research Center. The software for adults was used as the high school-aged girls participating in New Moves were all menstruating and close to full physical maturity. DXA has been found to be a highly valid and reliable measure of body fat [32, 33, 34] .
Socio-demographic information was also collected. Girls reported their race/ethnicity, parents reported their highest level of educational attainment and girls' ages were calculated from their birth date as recorded on their consent form to the date which they completed baseline data collection.
Statistical analysis
To examine relationships between family environment factors and girls' successful behavior, BMI and percent body fat change, outcome-specific baseline-to-follow up change scores were calculated and divided into quintiles. Girls were classified as being Family environment and school-based interventions successful in modifying their PA, MVPA and fruit and vegetable intake if they were in the upper two quintiles of change (greatest increase), while girls were classified as unsuccessful if their change score was in the lower two quintiles. Similarly, girls were classified as being successful in modifying their TV use, soft drink intake, BMI and percent body fat if their change score fell in the lower two quintiles (greatest decrease), while girls were classified as unsuccessful if their change score was in the upper two quintiles. Girls whose change score was in the middle quintile for a specific outcome were excluded from further analyses of that outcome in order to reduce misclassification bias and to increase the contrast of successful compared to unsuccessful outcomes. Hierarchical logistic regression models were then developed to examine the relationship between the outcome-specific family environment characteristics and the odds of being successful at improving. To aid comparison across family environment variables, each variable was standardized to a mean of 0 and a SD of 1. Regression models were adjusted for girls' race/ethnicity, age and parental education. Models also included girls' baseline level of the outcome variable to account for the fact that girls whose behavior was less healthy and BMI and percent body fat were higher at the beginning of the study would have greater opportunity to improve. School was also included in the models as a random effect to account for potential clustering of behaviors among girls who attended school together [35] . Adjusted associations between girls' Healthy Family Environment index score and girls' odds of successfully reducing their BMI and percent body fat were examined using the same method.
Results
For each of the outcomes, girls who were classified as successfully improving began the study with less healthful behavior, higher BMI and greater percent body fat (Table II) . For example, among the 55 girls who were categorized as successfully decreasing their soft drink intake, girls reported drinking soft drinks 1.54 times per day at baseline and their mean intake decreased by 1.02 times per day, with a range of decrease between 0.11 and 5.29 times per day. In contrast, girls who were characterized as unsuccessfully decreasing their soft drink intake reported drinking soft drinks 0.31 times per day at baseline and drank soft drinks 0.38 times more often per day at follow-up (range: 0-5 times per day). For the outcome of BMI, girls characterized as successful either decreased or maintained their BMI over the course of the study, with a mean change of À0.96 BMI units (range: 0.11 to À3.55) while girls characterized as unsuccessful increased their BMI on average by 1.51 U (range: 0.52-4.58).
Few associations were observed between family environment factors and the odds of girls successfully improving their PA, TV use or soft drink or fruit and vegetable intake (Table III) . Thus, in general, girls had similar ability to improve their weight-related behavior over the course of the intervention regardless of the degree of family support for healthful behavior that they received. However, having a family environment that encourages television use, including girls having a television in their bedroom and parents watching higher amounts of television, was associated with girls being less likely to decrease their television use during the study [odds ratio (OR) = 0.56, P = 0.036 and OR = 0.53, P = 0.026, respectively].
The large majority of the family environment factors were not associated with girls' successful BMI or body composition change (Table IV) . However, girls with more TVs in the home had a greater odds of decreasing their BMI (OR = 1.64, P = .039), and girls with more media resources such as DVD players and cable television had a greater odds of decreasing their percent body fat (OR = 1.83, P = 0.035). Cross-sectionally at baseline, there was a significant inverse association between girls' Healthy Family Environment index score and their BMI (b = À0.71, P = 0.013) and percent body fat (b = À0.91, P = 0.024) after adjustment for socio-demographic characteristics. However, girls' index score was not associated with their odds of successfully decreasing their BMI (OR = 0.95, P = 0.614) or body composition (OR = 0.97, P = 0.76) during the intervention. These findings K. W. Bauer et al.
support those from the examination of individual family environment characteristics suggesting that girls' successful improvements in weight and body composition were predominantly independent of the support and resources for healthful behavior that their family provided.
Discussion
The purpose of this study was to explore whether girls' family environments were associated with girls' likelihood of improving their weight-related behaviors, decreasing or maintaining their BMI and decreasing their percent body fat during the New Moves intervention. Girls who were categorized as successfully improving during the intervention began the study with less healthful behaviors and higher BMI and percent body fat. As New Moves targeted girls who were overweight, obese and/or interested in participating in healthful weight management behaviors, we expected that the majority of girls would demonstrate some improvement in their behavior. The finding that the girls with less healthful behavior and higher BMI and percent body fat were more likely to make the recommended changes suggests that the messages and structure of the New Moves intervention, including an emphasis on non-competitive physical activities, sustainable dietary improvements and avoiding fad diets, appealed to girls who have not been receptive to traditional efforts to improve their weight and weight-related behavior. Future interventions working to prevent obesity among underserved adolescents may benefit from incorporating these messages and methods. Success was determined by calculating girls' baseline to follow-up change for each outcome and dividing this change score into quintiles. For the outcomes of total PA, MVPA and fruit and vegetable intake, girls were categorized as successful if their change score was in the upper two quintiles (greatest increase) and were categorized as unsuccessful if their change score was in the lower two quintiles (greatest decrease). For the outcomes of TV use, soft drink intake, BMI and percent body fat, girls were categorized as successful if their change score was in the lower two quintiles (greatest decrease) and were categorized as unsuccessful if their change score was in the upper two quintiles (greatest increase).
Family environment and school-based interventions
The lack of significant associations between the girls' family environments and successful behavior change in the present study demonstrates that for most outcomes, the high school girls who participated in New Moves were equally able to improve their behavior regardless of their family environment. The ability for girls to improve their behavior and weight independent of their family may be attributable to increasing self-sufficiency during adolescence [36] , including the ability to purchase food and participate in physical activities independent of their parents. However, girls whose family environments promoted television use were less likely to successfully decrease their television use during the intervention. A potential explanation for this finding is that while adolescents can modify PA and dietary intake behaviors during the school day or after school when with friends, the majority of television use occurs at home. As parental television use and having a television in the bedroom has been strongly linked to adolescents' television use [17, 18, 37] , it is reasonable to believe that girls had a difficult time deviating from the norms of their family environment and actively choosing not to watch television.
While the majority of family environment characteristics and families' scores on the Healthy Family Environment index were unrelated to girls' decreases in BMI and percent body fat, girls with more TVs in the home had greater odds of successfully decreasing their BMI and girls with more media resources had greater odds of successfully decreasing their percent body fat. As these family environment factors were not associated with changes in girls' television use, the relationships between media resources/televisions in the home and BMI and body composition change were not mediated by girls' television use. Further exploration as to how having televisions and other media resources in the home may influence adolescents' changes in weight and body composition is warranted. A possible explanation for the finding is that these qualities of the family environment may be a proxy for a family environment characteristic not assessed in the current study. Findings from the current study regarding the role of the family environment in girls' improvements in television use but not other study outcomes highlight the need for obesity prevention interventions to explicitly link their behavioral targets with specific intervention strategies. Since among the girls participating in New Moves excessive television use by parents and having a television in their bedrooms presented barriers to girls' decreasing their television use, future interventions aiming to reduce television among adolescents Family environment and school-based interventions would likely benefit from developing familyfocused intervention activities that include specific suggestions on how parents can reduce their own television use and the importance of removing televisions from adolescents' bedrooms. This clear focus on a limited number of goals for families allows for the creation of intensive intervention activities that can be less of a burden than previous familyfocused activities that addressed a number of family environment characteristics and/or required an extensive time commitment by parents [2, 38, 39, 40] . Strengths of the current study include the use of a longitudinal study design, expanding the findings of previous cross-sectional studies to examine temporal associations between the family environment and changes in adolescents' behavior and weight. Additionally, the study population was racially/ethnically and socio-economically diverse, and girls were either currently overweight or obese or at high risk for obesity due to a sedentary lifestyle. Understanding how to design interventions to improve the risk for obesity and other weightrelated problems of girls such as these is essential. A limitation of this study is that the intervention and corresponding evaluations were conducted over one school year. A longer follow-up period would be informative to determine whether girls were able to sustain the improvements that they made while participating in the intervention and whether the family environment plays a role in adolescents' maintenance of improvements in health behavior. Additionally, as the family environment was assessed at baseline, changes in girls' family environments during the course of the year were not captured. However, in light of the minimal parent outreach during New Moves, and previous schoolbased studies' limited success in modifying adolescents' family environments [41] , significant changes in the family environment due to girls' participation in the intervention are unlikely.
Physical inactivity, poor dietary intake and overweight and obesity among adolescent girls are major public health concerns [42] . Thus far, few interventions have been successful at improving healthful behavior and reducing the prevalence of obesity among this population [2] . In light of the limited resources to implement health promotion programming, identifying social, environmental and personal characteristics that contribute to successful behavior change is essential. Results from the current study provide preliminary evidence that adolescent girls are equally capable of improving their PA, dietary intake and weight during participation in schoolbased interventions, regardless of their family environment. Thus, interventions that access adolescents via their school have the potential to provide the resources and support that girls may not receive from their families in order to reduce their risk of obesity and other weight-related problems. 
